Dear Editor, Neuronal apoptosis is considered to be essential for brain development and neurodegenerative disorders and has been a major focus in cell biological and neuroscientific studies since its first recognition a century ago [1] . Remarkable progress has been made in defining the molecular and cellular pathways underlying neuronal apoptosis during the past decade [2], however, it remains relatively unclear about the physiological functions of apoptosis in neural development. The neurotrophin hypothesis proposes that immature neurons compete for trophic factors that are derived from target neurons in limited supply and that only neurons that successfully establish synaptic connections with their targets would receive trophic support to survive [3] . Although this model is appealing in predicting neuronal survival, it does not explain how to trigger neuronal apoptosis in the absence of trophic factors. Moreover, the neurotrophin hypothesis may not apply to the model organism such as Caenorhabditis elegans in which the canonic nerve growth factors have not been reported yet.
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Alternative models can be valuable to illustrate the physiological function of neuronal apoptosis. Among the 1,090 somatic cells generated during the development of the C. elegans hermaphrodite, 131 cells undergo programmed cell death [4] ; and 105 of the 131 apoptotic cells are derived from neuronal cell lineages. Intriguingly, many neuronal apoptotic events in C. elegans are coupled with asymmetric cell divisions (ACDs): neuroblast asymmetric division produces a small daughter cell that undergoes apoptosis and a large daughter cell that differentiates or divides and differentiates into neurons ( Figure 1A for Q neuroblast lineages). The recent finding about the segregation of aggresomes during asymmetric divisions suggests another possible model for the function of neuronal apoptosis [5] . Perhaps in C. elegans neuroblast lineages, misfolded proteins asymmetrically segregate to the daughter cell that is destined to die. Similarly, factors that may inhibit neuronal differentiation may be asymmetrically inherited by the apoptotic daughter cell for degradation. The "asymmetric segregation" model would assume that neuronal apoptosis removes misfolded protein or differentiation inhibitors, maintaining the fitness of neurons or promoting neuronal differentiation. This model can be examined by inhibiting neuroblast cytokinesis: if aggresomes or differentiation inhibitors could not be segregated, the defects of neuronal differentiation or function should be expected in adult nematodes. However, this model was previously difficult to be tested because of the lack of genetic tools to manipulate neuroblast cytokinesis in live animals.
To provide some tangible evidence for the "asymmetric segregation" hypothesis, we here applied two approaches to generate conditional mutations or a weak mutant allele that disrupts neuroblast cytokinesis but allows animal to survive ( Figure 1B ). We chose to target an evolutionarily conserved cytokinetic scaffold protein Anillin/ani-1 in C. elgeans Q neuroblast lineages. Anillin was demonstrated to interact with various furrow components such as actomyosin, microtubules and the plasma membrane and regulate furrow positioning and midbody formation during cytokinesis [6] . Our recent study reported that conditional mutations of Anillin in neuronal lineages can be created by expressing the CRISPR-Cas9 system with lineage-specific or inducible promoters [7] . However, one caveat of using somatic CRISPR-Cas9 technique was that other genomic loci might be edited because of the potential off-target cleavages of the Cas9 endonuclease, making it possible that the phenotypes in ani-1-sg mutant animals was indirectly caused by the loss of Anillin.
To better define the specific function of Anillin in neural development, we obtained a genetic allele of ani-1 (cas471) from our forward genetic screen for mutants defective in Q cell migration. Using single-nucleotide polymorphism and whole-genome sequencing, we showed that a G2365A nucleotide substitution occurs in ani-1 (cas471), which changes a highly conserved Ala789 to Thr in the RhoA binding domain (RBD) of Anillin. A recent structural biological study revealed that human Anillin Ala740 (corresponding to C. elegans Anillin Ala789) at the interaction surface of RBD was critical for the binding between Anillin and RhoA and that A740D mutation disrupted their interaction in vitro [8] . It is thus plausible that A789T mutation in ani-1 (cas471) mutant animals weakens the binding of Anillin to RhoA in C. elegans. Consistent with this notion, our live imaging analysis of Q cell cytokinesis demonstrated that the final step of cytokinesis was defective in ani-1 (cas471) mutants: the furrow contraction began and constricted as normal as Q cells in WT animals, but the cleavage of furrow regressed ( Figure 1C , 130 min; Supporting Information Movie S1, S2). In addition to cytokinesis failure, we showed that 23% of AQR neurons (N=51) reduced their anterior migration ( Figure 1E ). Both abnormalities in cytokinesis and cell migration were previously observed in ani-1-sg conditional knockout animals. Thus, we applied two independent approaches to generate two distinct types of mutations of Anillin that inhibit cytokinesis during Q cell asymmetric division.
Next we examined the neuronal differentiation in adult animals of which Q cell failed to complete cytokinesis. To visualize two oxygen sensory neurons AQR and PQR which are derived from Q.a asymmetric cell divisions, we used Pgcy-32::mCherry or Pgcy-32::gfp as a neuronal fatespecific reporter. Similarly, we followed the fate of two mechanosensory neurons AVM and PVM, which are progenies of Q.p lineages using a Pmec-4::gfp reporter. To track nuclei in these animals, we chemically fixed them with poly formaldehyde (PFA) and stained the DNA with Hoechst 33342. In ani-1-sg mutants generated by somatic CRISPR-Cas9 method, we found that 38% AVM, 46% PVM, 32% AQR and 24% PQR neurons contained two nuclei ( Figure 1G ), suggesting their failures of cytokinesis.
Intriguingly, all these neurons with two nuclei properly expressed the Pgcy-32::mCherry reporter in A/PQR or Pmec-4::gfp in A/VM respectively, identical to these neurons containing only one nucleus. We noticed that the single and double-nucleated neurons have different cell sizes: the double-nucleated neurons appeared to be 1.41.8 times larger than the single nucleated neuron, consistent with the view that polyploidy cells are usually larger than the diploid cells. Using ani-1 (cas471) allele, we further confirmed that the correct neuronal-fate markers are expressed in the AQR and PQR neurons that contain two nuclei and that these polyploidy neurons are also about 1.4 times larger than single nucleated neurons ( Figure 1H ).
In addition to the proper differentiation of the neural progenitors which fail to complete cytokinesis, we found that 15% ani-1-sg conditional mutants (N=50) or 10% ani-1 (cas471) animals (N=50) did not express the correct neuronal markers in either A/PQR or A/VM neurons ( Figure  1D , lower panel). There are two possibilities responsible for the absence of the markers in adult animals defective in Q cell cytokinesis: Q cells which failed in cytokinesis undergo apoptosis or these bi-nucleated Q cells did not express the neuronal specific reporters, indicating the failure of neuronal differentiation. We thus performed live imaging analysis to follow the cell fate after the failure of cytokinesis in Q.a cells. Normally, the Q cell descendants that are destined to die round up within 1 h and are then engulfed and degraded by the neighboring hyp7 cell in another hour. However, we did not notice any obvious roundup behavior for these bi-nucleated Q cells (N=18 for ani-1-sg; N=15 for ani-1 (cas471)). instead our time-lapse recording showed that these cells migrate and form neurite-like structure as those mono-nucleated WT cells. Our data thus favors the possibility that bi-nucleated Q cell progenies are defective in differentiation, resulting in the absence of functional neurons in adult animals. However, we could not exclude the probability that bi-nucleated Q cells eventually die after days as our time-lapse microscopy can only follow these cells in developing larvae for 34 h. Nevertheless, we showed that the bi-nucleated neurons have the potential to survive ( Figure 1G ). Together, our results indicated that the asymmetric cell division and neuronal apoptosis play roles in neuronal differentiation, suggesting that the asymmetric segregation model can be used to explain the function of neuronal apoptosis in C. elegans neural differentiation.
In this study, we used two fluorescence reporters to examine neuronal differentiation. Due to the technical limitations, we could not isolate individual neurons and perform the single-cell mRNA sequencing to have a comprehensive examination of the alteration in neuronal fates in ani-1 mutants. However, mec-4 encodes a master transcription factor that regulates the fate of the mechanosensory neurons, making it a faithful readout for differentiation. The examination of fluorescence reporters may not be sufficient to determine whether a neuron properly differentiates and the future study can apply electrophysiological analysis to assay the activity of these neurons. We have investigated the consequence of polyploidy in neuronal function using touch-based behavior assay: all the WT animals respond to and move away from the touch, whereas all the mec-4 mutant animals fail to respond as reported previously ( Figure  1J ). In ani-1-sg or ani-1 (cas471) animals, we did not detect any MEC phenotype, regardless of the expression of Pmec-4::gfp reporter ( Figure 1J ), which is consistent with the notion that other mechanosensory neurons than A/PVM may compensate for their losses. Neural development involves neuroblast asymmetric division, migration, apoptosis and differentiation. It appears that neuronal differentiation is more sensitive to the failures of asymmetric cell division and apoptosis than the defect of neuronal migration. For example, a single transmembrane protein MIG-13 specifically regulates the anterior migration of QR neuroblast descendants [9] ; and the AQR and AVM fail to reach their correct positions in mig-13 mutants but they appear to properly differentiate by examining the Pmec-4::gfp reporter (N>1,000).
In summary, this study attempted to study the roles of neuronal apoptosis during neural development in C. elegans. By using ani-1 conditional mutations and a weak allele, we showed that the failures of Q neuroblast asymmetric division and apoptosis cause defects during neuronal differentiation. Although these observations can be explained by different hypotheses, the asymmetric segregation and subsequent degradation of factors that inhibit neuronal differentiation could be a plausible mechanism. We speculate that the autonomous inhibitors may be denatured proteins, which affect the fitness of the neuronal progenitors or transcriptional factors that suppress neuronal differentiation. Multiple hypotheses have been proposed to explain functional relevance of apoptosis during development [5] . First of all, the removal of excessive cells should be less risky than not generating sufficient healthy cells. Second, apoptotic cells may have the potential to acquire new features if they are allowed to survive, reminiscent of the event that a pseudogene gains a novel function by mutations. Indeed, an apoptotic cell often acquires a similar fate as its viable sister cell in ced-3 mutants which are defective in Caspase-3 [10] . Finally, our study suggests that autonomous inhibitors may be asymmetrically segregated into apoptotic cells for degradation, highlighting a potential role of apoptosis in neural development.
